ABSTRACT Objectives: To objectively measure the amount of intensity-specific physical activity by gender and age with respect to body mass index (BMI) during workdays and days off among Finnish employees. 2 ) who participated in health assessments related to occupational health promotion.
INTRODUCTION
Epidemiological evidence, studies on underlying mechanisms and intervention studies suggest that physical activity plays an important role in the prevention of body fat accumulation and type 2 diabetes. [1] [2] [3] [4] [5] Observational studies suggest that physical activity may also have other health benefits such as reduced risk for cardiovascular disease, [6] [7] [8] dementia, 8 depression 9 and mortality. 10 To achieve these health benefits, according to recent recommendations, moderate-intensity aerobic physical activity should be performed for at least 150 min or vigorous physical activity (VPA) for at least 75 min per week. 3 11 12 However, accurately recording the amount and intensity of physical activity with regard to activity-related energy requirements and cardiorespiratory loading is challenging. 13 14 Objective information is usually obtained by the heart rate (HR) monitors or motion sensors, such as accelerometers. 15 Existing data suggest that, among obese individuals, the amount of VPA is low as compared with current recommendations. 14 16-18 However, estimating the cardiorespiratory loading of physical activity among obese and/or unfit individuals by using accelerometers or other motion sensors is difficult.
HR monitoring is a common method of assessing the intensity of physical activity in Strengths and limitations of this study ▪ By using this novel validated methodology, our study provides accurate data on intensity-specific physical activity in a large sample of working age individuals, with detailed associations between intensity-specific physical activity and gender, age, body mass index, and the type of day (workday vs day off ), and their interactions. ▪ The study sample was not a random sample taken from the population, but a 'real-life' clinical sample of employees who participated in these preventive occupational healthcare activities. ▪ Our recordings usually covered some typical workdays and days off, but a longer recording may be more valid than the duration used in our study.
clinical settings. HR is almost linearly associated with oxygen consumption (VO 2 ) at moderate to submaximal intensities in steady-state exercise; therefore, it can be used to estimate the intensity of steady-state physical activity. However, the intensity of real-life physical activity usually changes repeatedly. Also the relationship between HR and VO 2 is curvilinear for very low-intensity physical activities and near-maximal exercise. Therefore, the actual VO 2 can be overestimated or underestimated by using the linear HR-VO 2 relationship to estimate the actual VO 2 . 19 Continuous measurement of HR variability and experimental calibration of data by age, gender, weight, height and self-reported physical activity class was recently shown to provide accurate estimates of the intensity of the physical activity. 20 We used this novel methodology in the study to estimate the intensity of physical activity in a large sample of Finnish employees.
The aim of this study was to investigate the amount of physical activity among 9554 Finnish employees who had participated in the continuous beat-to-beat R-R interval (ECG) recordings during the course of their normal everyday life. More specifically, we investigated the intensity-specific amount of physical activity by gender and age with respect to body mass index (BMI) during workdays versus days off, including the hourly distribution of physical activity throughout the day. This information is an important basis for understanding the cardiorespiratory loading caused by physical activity, and the need and realistic possibilities for interventions that increase physical activity.
METHODS

Study design and participants
This study is a cross-sectional study investigating the intensity and amount of physical activity in a clinical sample of 9554 Finnish employees (4221 men and 5333 women; age range 18-65 years; BMI range 18.5-40 kg/ m 2 ) who participated in the preventive occupational healthcare activities provided by their employers during the years 2007-2013 (figure 1). The participants nonselectively represent a wide range of non-manual and manual labour employees and thus, a cross-section of typical Finnish employees. As a part of these healthcare programmes, participants performed continuous beat-to-beat R-R interval recordings in the course of their normal everyday life as described below. The clinical purpose of these recordings was to assess the intensity and amount of physical activity (reported in this paper) and other R-R interval-derived information such as the amount of stress and recovery 21 (not reported in this paper) during workdays and days off. To acquire these so-called Lifestyle Assessment results, the R-R interval data were analysed using Firstbeat Analysis Server software (Firstbeat Technologies Ltd, Jyväskylä, Finland). On the basis of the results, the participants received personal feedback and recommendations for maintaining or improving their health and well-being.
The majority of the participants in this study were apparently healthy. The exclusion criteria for participation in the R-R interval recordings represented by the analysis software manufacturer were: chronic heart rhythm disturbance, cardiac pacemaker or transplant, left bundle branch block, severe cardiac disease (eg, symptomatic coronary heart disease, heart failure), very high blood pressure (≥180/100 mm Hg), type 1 or 2 diabetes with autonomic neuropathy, hyperthyreosis or other disturbances of the thyroid gland leading to a resting HR >80 bpm, severe neurological disease (eg, advanced multiple sclerosis or Parkinson's disease), fever or other acute disease, and BMI >40 kg/m 2 . Cases of milder/early disease stages and some medications may affect R-R intervals or physical activity levels. The inclusion/exclusion of these participants from the R-R interval recordings was evaluated on a case-by-case basis in the occupational healthcare programmes.
The data obtained from these R-R interval recordings were analysed and anonymously stored in a database administered by the software manufacturer (Firstbeat Technologies Ltd). Firstbeat Technologies Ltd and each service provider (eg, occupational healthcare unit) who conducted the recordings for the employees (participants) signed an agreement providing Firstbeat Technologies Ltd the right to store the data in an anonymised form and to use it for development and research purposes with a statement that employers must inform their employees about its use. According to the agreement, Firstbeat Technologies Ltd extracted an anonymous data file from the registry for the present research study.
Physical activity assessment
The ambulatory beat-to-beat R-R interval data used to calculate the intensity and amount of physical activity were recorded during the course of normal everyday life, usually over 3 days (typically including two workdays and one day off ), using the Firstbeat Bodyguard device (Firstbeat Technologies Ltd). Data from the recordings were analysed using Firstbeat Analysis Server software (V.5.6.0.3, Firstbeat Technologies Ltd). To be included in the analyses (figure 1), a participant had to have a measurement period including at least one workday and one day off. We included a workday or a day off in the analysis if the measurement period lasted >16 h/day. The information about workdays and days off was obtained from the diaries the participants were asked to fill in during the measurement period. A day was considered to be a workday if a participant worked ≥4 h cumulatively. The days without any working hours were regarded as days off and the days with work time <4 h were excluded from the analyses. The analysed data consisted of successfully recorded (measurement error <15% and <30 min recording break) workdays and days off (figure 1). The Firstbeat Bodyguard device cannot be used during swimming. Since we accepted only measurement days with <30 min recording breaks, the days with longer watersports' sessions (≥30 min) are excluded from our analyses.
Background information which included age, gender, self-reported height and weight, and self-reported physical activity class 22 were modified from Ross and Jackson. 23 This information was collected in conjunction with R-R interval recordings by using questionnaires. Background information was used to estimate maximal HR 24 and maximal VO 2 , 25 which were then used in the estimation of VO 2 . If a period with HR higher than the estimated maximal was found from the recording, the maximal HR used for further calculations was corrected accordingly. For the statistical analyses, BMI was calculated from the self-reported weight and height as kilograms per metre squared.
The intensity and amount of physical activity was estimated based on the R-R interval recordings. [26] [27] [28] [29] The method was validated previously; the pooled relationship (correlation) between the measured and predicted VO 2 across the different activities of daily living was 0.93; the estimated VO 2 explained 87% of the variability in the measured VO 2 . 20 The high validity of this method was achieved by taking into account the R-R interval-derived information about HR, respiration rate and on/off response (increasing or decreasing HR) using neural network modelling of the data and the short-time Fourier transform method.
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The participant's mean VO 2 for each minute during each measurement day was calculated from the secondby-second VO 2 estimations. The minute-by-minute VO 2 ; these are referred to as MPA 1 min , VPA 1 min and MVPA 1 min later in the text. The total number of 1 min segments above the given thresholds during each measurement day was then calculated. These calculations were performed separately for workdays and days off. If a participant's measurement period included two or more workdays (or days off), an average was calculated. Second, because the recommendation for health-enhancing physical activity suggests that the duration of a bout of aerobic activity should be 10 continuous minutes or longer, 3 11 12 we utilised this in our calculations for different intensity categories; these are referred to as MPA 10 min , VPA 10 min and MVPA 10 min later in the text. In this case, we calculated the total number of 1 min segments above the given intensity thresholds during each measurement day using only the bouts of physical activity that lasted continuously for ≥10 min. The consecutive 1 min segments had to be above the given intensity thresholds for at least 10 min, except for a single 1 min segment which was allowed to be less than the given threshold. Otherwise, the calculations were performed using the same principles as described above for single 1 min segment.
Analysis
Data processing and statistical analysis were performed using MATLAB version R2013b (The MathWorks Inc, Natick, Massachusetts, USA) and R V.3.0.2 (The R Figure 2 The mean amount of moderate-to-vigorous physical activity (≥3 metabolic equivalents (METs); whole column) and its distribution into moderate (MPA; 3 to <6 METs) and vigorous (VPA; ≥6 METs) physical activity during workdays (WD) and days off (DO) by age among men and women. The 1 min notation indicates values for single 1 min bouts throughout the measurement period, whereas the 10 min notation indicates values for bouts of physical activity lasting continuously for ≥10 min. P 3 and P 6 denote the differences between WD and DO in moderate-to-vigorous physical activity and VPA, respectively. *Physical activity was greater during WD than DO. Note the different scales between the upper and lower figures.
Foundation for Statistical Computing, Vienna, Austria). All p values were two-sided and p<0.05 was considered statistically significant.
We calculated means, SDs and medians for continuous variables, and frequencies and proportions for categorical variables. We categorised the amount of MVPA and VPA into four categories (0, >0-15, >15-30 and >30 min) and calculated the distribution of participants in these categories by gender and type of day (ie, workdays vs days off ). We also calculated the amount of MVPA and VPA by gender and type of day for different age categories (18-30, 31- . The amount of MVPA and VPA during the workdays and days off were compared by gender for each age and BMI category by using the Wilcoxon two-sample paired signed rank test. The test assessed whether the differences in the amount of MVPA and VPA between each participant's workdays and days off came from a distribution with a median of zero. Differences in the amount of MVPA and VPA between age categories and BMI categories were analysed using the Kruskal-Wallis test. To describe the temporal distribution of physical activity, we calculated the amount of MVPA and VPA done in each hour (eg, from 9:00 to 10:00, from 10:00 to 11:00, etc.) during the day by gender, BMI category and type of day. For illustrative purposes, the means are shown in all figures instead of medians. The probability of having at least one 10 min bout of MVPA or VPA per measurement day (binary outcome; yes vs no) was modelled using a generalised linear mixed-effects regression ( procedure glmer with Laplace approximation in R). Each participant was incorporated as a random effect; fixed effects included age and BMI as continuous variables and gender and type of day as binary variables. In the modelling, we also included all the possible two-way interactions among these four variables. We also used linear mixed-effects regression ( procedure fitlme with maximum likelihood estimation in MATLAB) to predict the amount of MVPA 1 min and VPA 1 min . In this case, each participant was incorporated as a random effect while fixed effects included age, BMI, gender and type of day. The baselines for age (minimum 18 years) and BMI (minimum 18.5 kg/m 2 ) were subtracted from age and BMI data, respectively, before the regression calculations.
We also investigated how participants fulfil the aerobic physical activity recommendations of moderate-intensity physical activity for at least 150 min or VPA for at least 75 min per week as measured from the ≥10 min bouts of activity. 3 First, we calculated the activity minutes score for each day (MPA minutes+VPA minutes×2) and then extrapolated the amount of physical activity using the following formula: Weekly physical activity=(5×mean workday activity score)+(2×mean day off activity score). This calculation was performed for only those bouts of physical activity lasting continuously for ≥10 min as recommended, 3 and then for all ≥1 min bouts.
RESULTS
Most of the R-R-interval recordings were from 3 days (7685 participants); there were 1394, 319, 119 and 37 participants who had two, four, five and six measurement days, respectively. Altogether, the number of analysed days was 17 020 workdays and 10916 days off. The mean (SD) age of the participants was 44.8 (9.7) years (men 44.7 (9.7); women 44.9 (9.7)) and the mean (SD) BMI was 26.1 (4.1) kg/m 2 (men 26.7 (3.5); women 25.7 (4.4)). Table 1 shows the distribution of participants in the MVPA and VPA categories by workdays and days off among the 4221 men and 5333 women who participated in this study. For more than 60% of the men and approximately 40% of the women, the amount of MVPA 1 min was more than 30 min/day (regardless of the type of day), whereas 11% (workdays) and 18% (days off ) of men and 4% (workdays) and 8% (days off ) of women had VPA 1 min for more than 30 min/day. All these percentages were clearly lower for MVPA 10 min and VPA 10 min Figure 2 and table 2 show the amount of MVPA and VPA by age, gender and the type of day. The amount of MVPA and VPA decreased with advancing age, especially among women. Among men aged 31 years and above, the amounts of MVPA 1 min , MVPA 10 min , VPA 1 min and VPA 10 min were greater during days off than during workdays. Among younger women (18-40 years), the amount of MVPA 1 min was lower during days off as compared with working days, whereas the amount of MVPA 10 min was higher during days off among older women (41-65 years). Other clear trends were not observed among the women. Figure 3 The mean amount of moderate-to-vigorous physical activity (≥3 metabolic equivalents (METs); whole column) and its distribution into moderate (MPA; 3 to <6 METs) and vigorous (VPA; ≥6 METs) physical activity during workdays (WD) and days off (DO) by weight status among men and women. Normal weight=18.5 to <25 kg/m 2 ; overweight=25 to <30 kg/m 2 ; obese=30-40 kg/m 2 . The 1 min notation indicates values for single 1 min bouts throughout the measurement period, whereas the 10 min notation indicates values for bouts of physical activity lasting continuously for ≥10 min. P 3 and P 6 denote the differences between WD and DO in moderate-to-vigorous physical activity and VPA, respectively. *Physical activity was greater during WD than DO. Note the different scales between the upper and lower figures. table 3 show the amount of MVPA and VPA by weight status, gender and the type of day. Obese participants had less MVPA and VPA than normal weight and overweight participants, especially women. The mean amount of VPA 1 min was approximately 0.5 min/ day among obese women, for workdays and days off. Among obese men, the mean amount of VPA 1 min was 5 min during workdays and 6.1 min during days off. The mean amount of VPA 1 min was also low among overweight women (∼2.5 min/day for workdays and days off ). Among normal weight and overweight men, the amount of MVPA 1 min , MVPA 10 min , VPA 1 min and VPA 10 min were all greater during days off than on workdays, but these differences were not observed among obese men. The corresponding results for women were more complex. Normal weight and overweight women had more MVPA 10 min during days off than during workdays. However, the amount of MVPA 1 min was similar for both types of days. However, obese women had a lower amount of MVPA 1 min during days off than on workdays, but the amount of MVPA 10 min was similar for both types of days. Differences between workdays and days off with regard to VPA were observed for normal weight women; VPA 10 min was higher during days off than on workdays.
Hourly distributions of MVPA and VPA by gender, weight status and type of day are shown in figure 4. The largest amounts of MVPA during workdays occurred at 7:00-8:00 and 17:00-19:00. During days off, the largest amounts of MVPA were distributed evenly between 10:00 and 18:00. The respective VPA profiles resemble those of MVPA. During workdays, a small peak occurred at 7:00-8:00, but the greatest amount of VPA was clearly seen during 17:00-20:00. The greatest amount of VPA during days off occurred between 10:00 and 20:00. For both genders, the amount of MVPA and VPA during workdays and days off decreased with increasing BMI.
When age, gender, BMI and the type of day were included in the linear mixed-effects regression models as predictors of the amount of MVPA 1min or VPA 1 min (table 4), the predictors associated with both outcome measures in similar manner. The amount of MVPA 1 min and VPA 1 min decreased with increasing age and increasing BMI. The amounts of MVPA 1 min and VPA 1 min were higher among men as compared with women and higher for days off than for the workdays ( p<0.001 for all). Similar results were observed when we studied the probability of having a bout of MVPA or VPA ( per measurement day) that lasted continuously for ≥10 min (table 5). The probability was higher among men and during days off, and it decreased with increasing age and increasing BMI ( p<0.001 for all).
We also performed multivariate analysis for the probability of having a bout of MVPA or VPA lasting continuously for ≥10 min including two-way interactions between age, gender, BMI and the type of day (table 5) . Many statistically significant interactions were observed between these variables. Both higher BMI and higher age decreased the likelihood of participation in MVPA or VPA, but BMI affected the older participants more than the younger participants. In addition, the women were more affected by higher age or higher BMI than men. With increasing age, the probability of MVPA or VPA increased for days off as compared with workdays. With increasing BMI, the probability of MVPA and VPA increased for workdays as compared with days off. The percentages of participants (by gender and weight status) who fulfilled the aerobic physical activity recommendations are provided in figure 5 and table 6 . The proportion of participants fulfilling the recommendations decreased with increasing BMI for men and women. The same was true when the weekly physical activity was calculated including all ≥1 min bouts. Men fulfilled the recommendations better than women. The proportion fulfilling the recommendations was highest among normal weight men (64.9%, 95% CI 62.4% to Figure 4 Hourly distributions of moderate-to-vigorous (MVPA; ≥3 metabolic equivalents (METs)) and vigorous (VPA; ≥6 METs) physical activity by gender and weight status during workdays and days off. The mean number of minutes at a certain hour (eg, 9:00) denotes the number of minutes during the hour beginning from that time point (eg, 9:00-10:00. Normal weight=18. 67.3% when ≥10 min bouts were included in the calculation and was 88.6%, 95% CI 86.8% to 90.1% when ≥1 min bouts were included) and lowest among obese women (10.3%, 95% CI 8.4% to 12.4%, and 23.0%, 95% CI 20.3% to 25.8%, respectively).
DISCUSSION
We found that the amount of physical activity decreases with increasing age and increasing BMI for both genders, but shows a deeper decline among women. The amount of VPA was particularly low among older (51-65 years), and obese and overweight women. Men had more physical activity than women; physical activity was more common during days off than during workdays, especially among men. The hourly distribution of physical activity clearly differed between workdays and days off. During workdays, physical activity was most common early in the morning and right after working hours, whereas physical activity was distributed more evenly throughout the day during days off. In addition, the proportion of participants fulfilling the aerobic physical activity recommendations decreased with increasing BMI and was lower for women than for men. Approximately one-third of the obese men and onetenth of obese women fulfilled the aerobic physical activity recommendations.
Strengths and weaknesses of the study Our study has several strengths. First, our study sample was very large and included a wide range of non-manual and manual labour employees although we did not have individual self-reported information on job titles available for the analysis in our data mining/register type The dependent variables in the linear mixed effects regression models were MVPA 1 min and VPA 1 min (min/day) as continuous variables. MVPA 1 min , moderate-to-vigorous physical activity (≥3 metabolic equivalents (METs)) calculated from single 1 min bouts throughout the measurement period. VPA 1 min , vigorous physical activity (≥6 METs) calculated from single 1 min bouts throughout the measurement period. The results are from the generalised linear mixed effects regression models in which the dependent variables are binary outcomes (participant did or did not have a bout of moderate-to-vigorous or vigorous physical activity lasting ≥10 min) and each participant is incorporated as a random effect. In the simple models, the fixed effects are age, gender, body mass index and type of day. In the interaction models, the fixed effects are age, gender, body mass index, type of day and all of their possible two-way interactions.
study. Second, we used a novel ambulatory beat-to-beat R-R interval-based method to assess the intensity of physical activity. This method has been shown to provide more accurate estimates of the intensity of physical activity than HR information. 20 29 Third, we had a strict criteria for the inclusion of recording days (eg, measurement error <15% and recording break <30 min); thus, our recordings had a good coverage of typical workdays and days off. Nonetheless, our study also has some weaknesses. Most of the participants were apparently healthy, but some participants with chronic diseases and/or medications that did not severely affect HR were also included in the sample of employees. We did not adjust for these conditions in the analysis since this information was not available for the analysis in our data mining/register type study. In addition, the study sample was not a random sample from the population, but a 'real-life' clinical sample of employees who participated in the preventive occupational healthcare activities. This can be considered as either a strength or a weakness depending on the perspective. Our method for assessing physical activity can differentiate between the intensities of physical activity MET by MET, but to simplify our presentations, we used cut-off points of ≥3 and ≥6 METs to describe MVPA and VPA, respectively, as these are used in the physical activity recommendations. 12 The durations of our recordings were from 2 to 6 days and on the basis of these recordings, the amount of weekly physical activity was estimated in order to determine the proportion of participants who fulfil the aerobic physical activity recommendations. To accurately assess individual long-term physical activity levels, a longer recording is more valid than the duration used in our study. 30 Our recordings usually covered some typical workdays and days off, as our aim was to obtain recordings covering most of the day without artefacts. To achieve this goal, stick-on electrodes with wires were used for the collection of R-R interval data but in some individuals, the electrodes cause skin irritation and this makes it difficult to get long recordings.
Findings in relation to other studies
The majority of previous studies including large study populations used accelerometers or pedometers for the objective assessment of physical activity. These methods provide rough estimates of the intensity of physical activity. We used beat-to-beat R-R interval data which allows for more accurate estimations of the intensity of physical activity, but it also has limitations when comparing our results to previous results. The age-associated and BMI-associated declines in the amount of physical activity observed in our study are in agreement with the results of the studies using accelerometers. 14 17 18 31 In our study, the amount of VPA was very low, especially among older women, and overweight and obese women; similar results have been reported in previous studies that used accelerometers. 14 17 31 Our results showing the clear difference between workdays and days off in the hourly distribution of physical activity are in accordance with previous studies. 18 In addition, we observed that the proportions of overweight and obese participants fulfilling the aerobic physical activity recommendations are lower than the proportion of normal weight participants. Previous studies obtained similar results-showing that among obese individuals, especially, the amount of VPA is low compared with the current recommendation. 14 16 18 Previous questionnaire-based studies in Finland have reported that approximately one-quarter 32 to one-half 33 of the working-age adults (men and women) fulfil the current aerobic physical activity recommendation. Our objectively measured results (men 54%, women 33%) covering work-related and leisure physical activities are roughly in line with these results. Overall, most of the associations in our study are similar to previous population-based studies that used accelerometers. However, our method measures cardiorespiratory loading more directly than the methods based on motion sensors. The amount of physical activity calculated from the bouts lasting ≥10 min should be used when determining who meets the current physical activity recommendations. 3 We calculated the amount of MVPA and VPA in two different ways that reflect different aspects of physical activity. The amount of physical activity calculated from single 1 min bouts throughout the measurement period may be considered to reflect daily activities, rather than fitness-enhancing exercise, as this method also takes into account very short bouts of physical activity, such as climbing stairs. Interestingly, the proportion of participants fulfilling the aerobic physical activity recommendation is doubled when shorter bouts are included in the calculation (table 6) .
Meaning of the study: implications for clinicians and policymakers Increasing physical activity and reducing obesity are both important targets for improving overall population health as obesity as well as low physical activity are predictors of mortality. 34 According to our study, approximately one-third of Finnish working-age women and half of working-age men meet the current recommendations for aerobic physical activity. The proportion is especially low among overweight and obese women and obese men. On the basis of this and our other observations, the amount of physical activity, especially the amount of VPA, seems to be very low among overweight and obese individuals, particularly women. As our study is crosssectional in nature, it does not show the direction of causality between physical activity and obesity. However, this evidence shows the vicious cycle between obesity and physical inactivity. 35 The low number of obese individuals meeting the recommendations and their low starting level (with regard to total amount, duration and intensity) should be taken into account when implementing interventions for increasing physical activity. For obese individuals, the amount of MPA or perhaps low-intensity activity should be increased first. Among obese individuals, objectively measured physical activity seems to be low, during leisure and at work. Thus, leisure hours and working hours need to be considered when recording the activity interventions. Overall, the documentation of physical activity levels as a part of routine healthcare check should be improved. 36 Unanswered questions and future research In the light of our findings, long-term controlled intervention studies are needed to show whether MPA or VPA as the main component of intervention programmes has a better benefit-risk balance for obese individuals in terms of adherence, weight control, morbidity and mortality. Also, more detailed research is needed on whether short bouts of physical activity lead to long-term health benefits comparable to longer bouts at the disease-outcome level. Accurate methods of monitoring physical activity that cover cardiorespiratory loading are also needed to carry out large-scale studies on these topics and to analyse whether specific types of shortterm activity provide health benefits. Notably, some physical activity is under the intensity level of 3 METs, which was not taken into account in our current analysis. Long-term intervention studies on the effects of physical activity of (very) low intensity on disease outcomes are lacking.
